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Chapter 2
Förster-Type Nonradiative Energy
Transfer Rates for Nanostructures
with Various Dimensionalities
In this chapter, we derive the energy transfer rate for the cases of X → NP
(nanoparticle), X → NW (nanowire), and X → QW (quantum well), where X is an
NP, an NW, or a QW, and obtain simply expression for the long distance
approximation. This chapter is reprinted (adapted) with permission from Ref. [1].
Copyright 2013 American Chemical Society.
We need to recall the results in Chap. 5 from Understanding and Modeling
Förster-type Resonance Energy Transfer (FRET) Vol. 1, where the Fermi’s Golden














E rð Þ ¼ rU rð Þ ð2:2Þ
with
Ua rð Þ ¼ edexceeffD
 
r r0ð Þ  â
r r0j j3
ð2:3Þ
In addition to the previous results, we also recall the results obtained in the
previous chapter (Chap. 1) regarding to the effective dielectric constant summarized
in Table 2.1.
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2.1 Cases of Förster-Type Energy Transfer
to an Nanoparticle: NP → NP, NW → NP,
and QW → NP
Here, we report analytical equations for FRET rate when the donor is an NP, an
NW, or a QW and the acceptor is always an NP (Fig. 2.1). Furthermore, for the
long distance approximation, we obtain simplified expressions for the transfer rate
for all three cases (NP → NP, NW → NP, and QW → NP).
















where eNPA is the dielectric function of the acceptor and Ea; in rð Þ is the induced
electric field of an a-exciton a ¼ x; y; zð Þ in the donor. Assuming that the donor size
is smaller than the separation distance between D and A and using the spherical
symmetry of the acceptor, the total electric potential for the acceptor can be written as





Yl;m h; /ð Þ ð2:5Þ




lYl;m h; /ð Þ ð2:6Þ
where Ua r; h; /ð Þ is the electric potential of the exciton in the donor; Yl;m h; /ð Þ are
the spherical harmonics; and Aal;m and B
a
l;m are the coefficients determined by the
boundary conditions. For the spherical case, the boundary conditions at the
acceptor’s surface r ¼ RNPAð Þ are
Uina r ¼ RNPA ; h; /ð Þ ¼ Uouta r ¼ RNPA ; h; /ð Þ ð2:7Þ
Table 2.1 Effective dielectric constant expressions for the cases of an NP, an NW, and a QW in
the long distance approximation [Reprinted (adapted) with permission from Ref. [1] (Copyright
2013 American Chemical Society)]
α-direction NP NW QW
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where einðoutÞ is the dielectric function inside (outside) the acceptor. Applying the

















lein þ lþ 1ð Þ eout ð2:10Þ
Fig. 2.1 Schematic for the energy transfer of NP → NP, NW → NP, and QW → NP. Red
arrows show the energy transfer direction. Red circles represent an exciton in the α-direction. d is
the separation distance. h0 is the azimuthal angle between d and r. u is the radial angle [Reprinted
(adapted) with permission from Ref. [1] (Copyright 2013 American Chemical Society)]
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Yl;m h; /ð Þ sin hð Þ dhd/ ð2:12Þ
and eout ¼ e0 is the dielectric constant of the medium, and ein ¼ eNPA is the dielectric
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" #
ð2:13Þ
where Aal;m is given by (2.9). This is a general expression, which is valid under the
assumption mentioned above. From (2.13), we observe that the distance depen-
dency for the transfer rate is given by the coefficient Aal;m. Now we derive an
asymptotic behavior (long distance limit) for the transfer rate in the dipole
approximation for: (1) NP → NP; (2) NW → NP; and (3) QW → NP. In all
cases, we assume that the donor size is small compared to the separation distance














Im eNPA xexcð Þ½  ð2:14Þ
where ba ¼ 13 ; 13 ; 43 for a ¼ x; y; z, respectively; d is the center-to-center distance
between the donor and acceptor; and eeffD the effective dielectric constant for the
exciton in the donor, which is equal to eeffD ¼ eNPD þ 2e03 (Table 2.1) for the NP → NP
case.













Im eNPA xexcð Þ½  ð2:15Þ
where ba ¼ 13 ; 13 ; 43 for a ¼ x; y; z, respectively; h0 is the angle between d and r;
eeffD the effective dielectric constant for the exciton in the donor, which is equal to
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eeffD ¼ e0 for a ¼ y (parallel to the cylindrical axis) and eeffD ¼ eNW þ e02 ; a ¼ x; z
(perpendicular to the cylindrical axis) (Table 2.1).













Im eNPA xexcð Þ½  ð2:16Þ
where ba ¼ 13 ; 13 ; 43 for a ¼ x; y; z, respectively; h0 is the angle between d and r;
and eeffD the effective dielectric constant for the exciton in the donor, which is equal
to eeffD ¼ e0 for a ¼ x; y; z (Table 2.1).
The FRET rate for the NP → NP case follows the well-known asymptotic
behavior c / d6 [2]. Furthermore, the FRET rates are proportional to the imagi-
nary part of the acceptor dielectric constant. Thus, an acceptor with strong
absorption (large Im eNPA xð Þj j) will have higher transfer rates. Moreover, in the
cases of NW-to-NP and QW-to-NP, the transfer rate strongly depends on the dis-
tance and h0. In particular for the angle dependency, the main contribution comes
from small h0 and decreases very fast as h0 increases. It is important to note that the
transfer rate in these cases (NW-to-NP and QW-to-NP) follows the same distance
dependency as the NP-to-NP transfer rate, which is c / d6 [2]. These results
suggest that the NRET rates are dictated by the acceptor’s dimensionality, but not
the donor’s. It is worth mentioning that the FRET rate for the NW → NP and
QW → NP cases have not been reported in early works. However, these missing
cases for the FRET rates were reported in Ref. [1].
To illustrate the FRET rate, we present the average FRET rate in the long
distance approximation as a function of the distance between CdTe D–A pair in
Fig. 2.2. The acceptor dielectric function is taken from Ref. [3]. We assume that the
acceptor exciton emission is at k ¼ 582 nm. In Fig. 2.2a, we consider the donor to
be an NP, an NW, or a QW and the acceptor to be an NP. We set h0 ¼ 0 for the
NP-to-NW and NP-to-QW cases. In this particular model, the larger average
transfer rate is for the QW-to-NP case, and the smaller average transfer rate is for
the NP-to-NP case. Figure 2.2c shows the energy transfer rate for the QW-to-NP
case. Figure 2.2d depicts the contour profile plot for the QW-to-NP transfer rate.
The top panel in Fig. 2.2d illustrates the energy transfer rate as a function of the
distance at a fixed angle. Blue curve represents the case at h0 ¼ 0, and wine curve,
at h0 ¼ p=6. The right panel in Fig. 2.2d shows the transfer rate as a function of the
angle at a fixed distance. Red curve represents the case at d ¼ 3:3 nm, and the
green curve, at d ¼ 4:0 nm. From Fig. 2.2c, d, the strong distance dependency of
the transfer rate (2.15 and 2.16) is observed. Therefore, the main contribution for
the energy transfer from a QW(NW) to an NP comes at short distances and small
angles.
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2.2 Cases of Förster-Type Energy Transfer
to an Nanowire: NP → NW, NW → NW,
and QW → NW
Here, we obtain analytical equations for the FRET rate when the donor is an NP, an
NW, or a QW while the acceptor is always an NW (Fig. 2.3). We also obtained the
simplified expressions for FRET rate in the long distance approximation for all
these cases.
















Here Ea; in rð Þ is the induced electric field of an a-exciton a ¼ x; y; zð Þ in the
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Fig. 2.2 a Average FRET rate for CdTe D–A pair. This shows the distance dependency of FRET
rate for the NP → NP, NW → NP, and QW → NP cases. h0 ¼ 0 for the NW → NP and
QW → NP pairs. b Schematic for the energy transfer of QW → NP case. c Average FRET rate
for the CdTe D–A QW → NP pair as a function of the distance and angle. d Contour profile map
for the average FRET rate for the CdTe D–A QW → NP pair, with the top panel at a fixed angle
and right panel at a fixed distance [Reprinted (adapted) with permission from Ref. [1] (Copyright
2013 American Chemical Society)]
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donor size is small compared to the D–A separation distance d. Taking advantage of
the cylindrical symmetry of the acceptor, the total electric potential for the acceptor
can be written as





dkeikzBam kð ÞKm kj j qð Þeim/ ð2:18Þ





dkeikzAam kð ÞIm kj j qð Þeim/ ð2:19Þ
where Ua q; /; zð Þ is the electric potential of the exciton in the donor; Im kj j qð Þ and
Km kj j qð Þ are the modified Bessel functions; and Aam kð Þ and Bam kð Þ are the coeffi-
cients determined by the boundary conditions. For the cylindrical case, the
boundary conditions at the acceptor’s surface q ¼ RNWAð Þ are
Uina q ¼ RNWA ; /; zð Þ ¼ Uouta q ¼ RNWA ; /; zð Þ ð2:20Þ
Fig. 2.3 Schematic for the energy transfer of NP → NW, NW → NW, and QW → NW. Red
arrows show the energy transfer direction. Red circles represent an exciton in the α-direction. d is
the separation distance. h0 is the azimuthal angle between d and r. u is the radial angle [Reprinted
(adapted) with permission from Ref. [1] (Copyright 2013 American Chemical Society)]
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where einðoutÞ is the dielectric function inside (outside) the acceptor. Applying the
boundary conditions (2.20) and (2.21) in (2.18) and (2.19), we arrive at
Aam kð Þ ¼
Km kj jRNWAð Þ
Im kj jRNWAð Þ
Bam kð Þþ
f am kj jð Þ
Im kj jRNWAð Þ
ð2:22Þ
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a
m kj jð Þ
ein
Im kj jRNWAð Þ
Im kj jRNWAð Þ
 
Km kj jRNWAð Þþ eoutKm kj jRNWAð Þ
ð2:23Þ
with Im kj jRNWAð Þ; Km kj jRNWAð Þ; f am, and gam given by
Im kj jRNWAð Þ ¼ Imþ 1 kj jRNWAð Þþ Im1 kj jRNWAð Þ ð2:24Þ






















and eout ¼ e0 is the dielectric constant of the medium, and ein ¼ eNWA is the
dielectric function of the NW. Combining (2.19) and (2.2) into (2.17), we obtain
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where Aam kð Þ is given by (2.22). This is a general expression, which is valid under
the mentioned assumptions. Note that the distance dependency of FRET rate is
given by the coefficient Aam kð Þ. For the long distance approximation, we derive the
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transfer rate equations for the NP-to-NW, NW-to-NW and QW-to-NW cases. Thus,
















Im eNWA xexcð Þ½ 
ð2:29Þ
where aa ¼ 0; 916 ; 1516; ba ¼ 1; 1516 ; 4116 for a ¼ x; y; z, respectively; d is the
center-to-center distance between the donor and the acceptor; and eeffD is the
effective dielectric constant for the exciton in the donor, which is equal to eeffD ¼
eNPD þ 2e0
3 for NP → NW. In the NW → NW case, the effective dielectric constant is
eeffD ¼ e0 for a ¼ y (parallel to the cylindrical axis) and eeffD ¼ eNWD þ e02 for a ¼ x; z
(perpendicular to the cylindrical axis) (Table 2.1). Likewise, the QW-to-NW
















Im eNWA xexcð Þ½ 
ð2:30Þ
where h0 is the angle between d and r and eeffD is the effective dielectric constant for
the exciton in the donor, which is equal to eeffD ¼ e0 for a ¼ x; y; z (Table 2.1).
As expected, the asymptotic behavior for the NRET rate of the QW → NW case
follows c / d5 [1]. This result is similar to the NP-to-NW and NW-to-NW cases,
as reported in Refs. [4, 5], respectively. Similar to the previous section, the FRET
rates strongly depend on the distance and h0, and a similar analysis can be made.
Figure 2.4a depicts the average FRET rate for a CdTe D–A pair as a function of the
distance, when the donor is an NP, an NW, or a QW while the acceptor is an NW in
all cases. We set h0 ¼ 0 for the QW-to-NW case. We assume that the acceptor
exciton emission is at k ¼ 610 nm and the acceptor dielectric function is taken from
Ref. [3]. Note that the higher transfer rate is for the QW-to-NW, and the lower rate
is for the NP-to-NW. Figure 2.4c, d depict the average FRET rate for a CdTe D–A
pair as a function of the distance and h0, when the donor is a QW and the acceptor
is an NW. Figure 2.4d shows the contour profile map for the QW-to-NW transfer
rate. The top panel in Fig. 2.4d illustrates the energy transfer rate as a function of
the distance at a fixed angle. Blue curve represents the case at h0 ¼ 0, and wine
curve, at h0 ¼ p=6. The right panel in Fig. 2.4d shows the transfer rate as a function
of the angle at a fixed distance. Red curve represents the behavior at d ¼ 3:3 nm,
and the green curve, at d ¼ 4:0 nm. From Fig. 2.4a, c, d, show the strong distance
dependency of the transfer rate (2.29, 2.30). Similar to the previous section, the
main contribution for the energy transfer from a QW to an NW comes at short
distances and small angles.
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2.3 Cases of Förster-Type Energy Transfer to a Quantum
Well: NP → QW, NW → QW, and QW → QW
In this section, we obtain analytical equations for the FRET rate when the donor is
an NP, an NW, or a QW while the acceptor is always a QW (Fig. 2.5). Moreover,
the simplified expression for the FRET rate in the long distance approximation is
obtained for all these cases.
















where Ea; in rð Þ represents the electric field of an a-exciton a ¼ x; y; zð Þ in the donor
and eQWA is the dielectric function of the acceptor (QW). Now we assume that the
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Fig. 2.4 a Average FRET rate for CdTe D–A pair. This plot illustrates the FRET distance
dependency for NP → NW, NW → NW, and QW → NW cases. h0 ¼ 0 for QW to NW pairs.
b Schematic for the energy transfer of QW → NW case. c Average FRET rate for the CdTe D–A
QW → NW pair as a function of the distance and angle. d Contour profile map for the average
FRET rate of QW → NW, with the top panel at a fixed angle, and the right panel at a fixed
distance [Reprinted (adapted) with permission from Ref. [1] (Copyright 2013 American Chemical
Society)]
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donor size is small compared to the D–A separation distance d. Furthermore, we
consider a symmetric structure, consisting of a semiconductor QW of thickness Lw
between two barriers of dielectric function eQWA . One barrier has a film thickness Ll,
while the other barrier is considered to be very thick (where we assume that this
barrier is semi-infinite). The donor nanostructure is placed in front of the barrier
with thickness Ll and we solve the problem for the case where the QW is very thin
Lw  Llð Þ. Under these assumptions, the electric potential inside the barrier is
Uin rð Þ ¼ 2e0eQWA þ e0
 
Ua rð Þ ð2:32Þ
where e0 is the dielectric constant of the matrix (surrounding the medium around the
donor); eQWA is the dielectric function of the barrier; and Ua is the electric potential
















Ea rð Þ  Ea rð Þ
 
ð2:33Þ
Fig. 2.5 Schematic for the energy transfer of NP → QW, NW → QW, and QW → QW. Red
arrows show the energy transfer direction. Red circles represent an exciton in the α-direction. d is
the separation distance. h0 is the azimuthal angle between d and r. u is the radial angle [Reprinted
(adapted) with permission from Ref. [1] (Copyright 2013 American Chemical Society)]
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where Ea rð Þ is the electric field created by an a-exciton in the donor. By using the
















Ea rð Þ  Ea rð Þ
 
ð2:34Þ
where the integration is over the entire surface of the QW. In particular, we obtain
the analytical expression for the long distance approximation for NP → QW,
NW → QW, and QW → QW. In all cases, we assume db  LW where db is the
distance from the center of the donor to the dielectric barrier. Under these condi-














Im eQWA xexcð Þ½  ð2:35Þ
where ba ¼ 316 ; 316 ; 38 for a ¼ x; y; z, respectively; d ¼ db þ Ll is the distance between
the donor and the acceptor; and eeffD is the effective dielectric constant for the exciton
in the donor, which is equal to eeffD ¼ eNPD þ 2e03 for NP → QW. In the NW → QWcase,
the effective dielectric constant is eeffD ¼ e0 for a ¼ y (parallel to the cylindrical axis)
and eeffD ¼ eNW þ e02 for a ¼ x; z (perpendicular to the cylindrical axis). For QW→QW,
eeffD ¼ e0 for a ¼ x; y; z (Table 2.1). Note that the FRET rate for the NP → QW and
QW → QW cases follow the well-known asymptotic behavior c / d4 [6] and c /
d4 [7], respectively. Akin to the previous cases for the FRET rate, we have included
the FRET rate for the NW → QW case, which was studied in Ref. [1].
Figure 2.6 shows the average FRET rate for a CdTe D–A pair as a function of
the distance, when the donor is an NP, an NW, or a QW with the acceptor being a
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Fig. 2.6 Average FRET rate for a CdTe D–A pair. This plot shows the distance dependency of
the FRET rate for the NP → QW, NW → QW, and QW → QW cases [Reprinted (adapted) with
permission from Ref. [1] (Copyright 2013 American Chemical Society)]
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QW in all cases. In this plot, we made similar assumptions as the previous section.
Here, the faster transfer rate is for the QW → QW pair which slightly faster than
the NP → QW pair; On the other hand, the lower transfer rate is for the
NW → QW pair.
2.4 Example: Energy Transfer Between Nanoparticles
and Nanowires
As an example we calculate Förster energy transfer from an optically excited NP to
NW as shown in Fig. 2.7 [4]. The center-to-center distance between NP and NW is
denoted as d, and the distance between the NP center and the NW surface is given
by D. A NW, NP, and matrix are described with local dielectric constants denoted
as eNW ; eNP, and e0, respectively. The local dielectric constant approach provides us
with a reliable description if the transferred exciton energy when the bandgap of a
donor nanocrystal is not very close to the bandgap of a NW (acceptor). From (2.28),

































For the case where d  RNW , we expand (2.36) in terms of the parameter RNW=d

















where the coefficient aa is 15/16, 0, and 9/16 for a ¼ x; y and z, respectively; the
corresponding values for the coefficient ba are: 41/4, 4, and 15/4. Notice that the
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(Copyright 2008 by the
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distance dependence of Förster transfer for the dipole-to-nanowire case is ca / 1=d5
as compared to the case of traditional dipole-dipole transfer cdipoledipole / 1=d6 [8, 9].
Slower spatial decay of the energy transfer rate comes from the one-dimensional
character of a NW. Equation (2.36) is rather complicated, therefore (2.37) can be very
convenient to estimate transfer rates in structures where ðRNW=dÞ\1.
To illustrate the validity of (2.37), we numerically calculate the transfer rate for
the cases of (1) CdTe NP–CdTe NW and (2) CdTe NP–Carbon Nanotube (CNT). In
Fig. 2.8 shows the results for these complexes. The CdTe NPs and CdTe NWs was
assembled and optically characterized in Ref. [10]. Experimental values for the
FRET rates for NPs to NWs case were extracted from the photoluminescence spectra
recorded during the assembly process. The experiment in Ref. [10] was performed
with orange- and green-emitting CdTe NPs: kexc;orange NP ¼ 582 nm ðRorangeNP ¼
2 nmÞ and kexc;green NP ¼ 526 nm ðRgreenNP ¼ 1:6 nmÞ. The NW radius RNW ¼
3:3 nm and its emission is at kexc;NW ¼ 689 nm. The NP-NW complex was
assembled using the biotin-streptavidin biolinker with a length of 5 nm. The
resultant NP-NW distances were estimated as: dorangeNP ¼ 10:3 nm and
dgreen NP ¼ 9:9 nm, with an estimated dipole moment of dexc 	 0:08nm. From the
experiment, it was determined that ctrans; orange ¼ 1=16 ns1 and ctrans; green ¼
1=12 ns1 whereas the corresponding theoretical estimated values are: ctheorytrans; orange 

1=13:1 ns1 and ctheorytrans; green 
 1=9 ns1. From here, we can say that the calculations
provide us with reliable estimates for the FRET rates for NP→NW system (Figs. 2.7
Fig. 2.8 Rates of NP-NW transfer of excitons as a function of the CdTe NP-NW separation and
available experimental data from Ref. [10]. Green line shows the calculated rate for carbon
nanotubes. Inset FRET rate for the NP-NW complex as a function of the exciton energy of a NP
[Reprinted (abstract/excerpt/figure) with permission from Ref. [4] (Copyright 2008 by the
American Physical Society)]
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and 2.8). Figure 2.8 shows the dependence ctransðxexc; d ¼ 10:3 nmÞ as an inset. The
function ctransðxexcÞ reflects the frequency dispersion of the CdTe dielectric function,
eNW ¼ eCdTeðxÞ. The CdTe NPs and CNTs we can neglect the second term in (2.37)
because of the strong depolarization effect for the electric field perpendicular to the











where eCNT is the “z” component of the dielectric constant averaged over a CNT
volume and the averaged transfer rate is given by ctransðxexcÞ ¼ ð3=2Þc0. Note that
NP → CNT transfer is slower compared to that for the NP–NW system due to the
smaller effective cross-section of CNT compared to the CdTe NW. This section is
reprinted (abstract/excerpt/figure) with permission from Ref. [4]. Copyright 2008
by the American Physical Society.
2.5 Summary
To summarize the FRET rates, Table 2.2 lists the transfer rates for the long distance
asymptotic behavior in the dipole approximation. Table 2.2 illustrates the distance
dependency for the FRET: (1) when the acceptor is an NP, FRET is inversely
Table 2.2 FRET rate summary for the long distance asymptotic limit
α-direction Donor Coefficients Acceptor
distance
dependency
NP NW QW X → NP
x eeffD ¼ eNPD þ 2e03 eeffD ¼
eNW þ e0
2
eeffD ¼ e0 bx ¼ 13 cNP / 1d6
y eeffD ¼ eNPD þ 2e03 eeffD ¼ e0 eeffD ¼ e0 by ¼
1
3
z eeffD ¼ eNPD þ 2e03 eeffD ¼
eNW þ e0
2
eeffD ¼ e0 bz ¼ 43
NP NW QW X → NW
x eeffD ¼ eNPD þ 2e03 eeffD ¼
eNW þ e0
2
eeffD ¼ e0 ax ¼ 0 bx ¼ 1 cNW / 1d5
y eeffD ¼ eNPD þ 2e03 eeffD ¼ e0 eeffD ¼ e0 ay ¼
9
16 by ¼ 1516
z eeffD ¼ eNPD þ 2e03 eeffD ¼
eNW þ e0
2
eeffD ¼ e0 az ¼ 1516 bz ¼ 4116
NP NW QW X → QW
x eeffD ¼ eNPD þ 2e03 eeffD ¼
eNW þ e0
2
eeffD ¼ e0 bx ¼ 316 cQW / 1d4
y eeffD ¼ eNPD þ 2e03 eeffD ¼ e0 eeffD ¼ e0 by ¼
3
16
z eeffD ¼ eNPD þ 2e03 eeffD ¼
eNW þ e0
2
eeffD ¼ e0 bz ¼ 38
This list shows the distance dependence of the FRET rate as a function of the acceptor’s geometry.
Also, this includes the effective dielectric constant effect, which is a function of the donor’s
geometry. X = NP, NW or QW [Reprinted (adapted) with permission from Ref. [1]. (Copyright
2013 American Chemical Society)]
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proportional to d6 (2.14, 2.15, and 2.16); (2) when the acceptor is a NW, FRET is
proportional to d5 ((2.29) and (2.30)); and (3) when the acceptor is a QW, FRET is
proportional to d4 (2.35). This indicates that the donor dimensionality does not
affect the functional distance dependency on the distance. To complete our analysis,
Fig. 2.9a show the distance dependencies, given in Table 2.2. The energy transfer
rates are presented as a function of d=d0, where d0 is the characteristic distance,
which satisfies the asymptotic condition required for each case
d  RNP;ðNWÞ; d  LQW
	 

. Figure 2.9b presents the energy transfer efficiency for
the FRET as a function of d=d0. In all cases, the FRET’s distance dependency is
given by the acceptor geometry and it is independent of the donor’s geometry. Note
(a)
(b)
Fig. 2.9 a FRET rate distance dependency in the long distance asymptotic limit. Energy transfer
rates are plotted as a function of d=d0, where d0 is the characteristic distance, which satisfies the
asymptotic condition required for each case d  RNP;ðNWÞ; d  LQW
	 

. b Energy transfer
efficiency for the FRET in the long distance asymptotic limit. Energy transfer efficiencies are
plotted as a function of d=d0. Red line shows the energy transfer efficiency for the D–A pair, when
the acceptor is an NP. Green line depicts the energy transfer efficiency for the D–A pair when the
acceptor is an NW. Blue line gives the energy transfer efficiency for the D–A pair when the
acceptor is a QW. X = NP, NW, or QW [Reprinted (adapted) with permission from Ref. [1]
(Copyright 2013 American Chemical Society)]
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that the effective dielectric constant, however, depends only on the donor’s
geometry. Therefore, we can conclude that the FRET’s distance dependency is
dictated by the geometry of the acceptor nanostructure whereas the donor’s con-
tribution to the FRET appears through the effective dielectric constant. The
dependencies given in Table 2.2 and Fig. 2.9 are important to understand FRET,
and they are valid for the cases when the donor–donor and acceptor–acceptor
separation distance is larger compared to the donor–acceptor separation distance.
However, this condition is difficult to archieve experimentally and most of the
experiments (in solid phase) are set using assembly of nanostructures. Therefore, it
is crucial to understand FRET for the cases when the nanocrystals (NP and NW) are
assembled into arrays (e.g., chains and films). This aspect is discussed in the
following chapter.
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